We present a complete 12 CO J = 1 → 0 map of the prominent molecular ridge in the Large Magellanic Cloud (LMC) obtained with the 22-m ATNF Mopra Telescope. The region stretches southward by ∼ 2
INTRODUCTION
The study of the interstellar medium (ISM) in dwarf galaxies provides important insights into the star formaElectronic address: Jorge.Pineda@jpl.nasa.gov 1 current address: Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, CA 91109-8099, USA 2 also at California Institute of Technology 1200 E. California Blvd. Caltech Astronomy, 105-24 Pasadena, CA 91125-2400, USA 3 Jürgen Ott is a Jansky Fellow of the National Radio Astronomy Observatory 4 also at CSIRO Australia Telescope National Facility, PO Box 76, Epping NSW 1710, Australia 5 current address: Department of Astronomy, University of Illinois, Urbana IL 61801, USA 6 JSPS Fellow tion history of the Universe. In massive spiral galaxies the differential rotation causes shear forces that influence the morphology and evolution of the progenitor molecular gas and the young stellar component, making the study of the their relationships difficult. In general, dwarf galaxies show little evidence of shear so we can study the relation between star formation and its prerequisites at their very locations. They may also be considered, in a hierarchical galaxy formation scenario, as local templates of the earliest galaxies. They are thought to be survivors of the merging processes that lead to the formation of larger galaxies, such as the Milky Way. Thus, the detailed study of the low-metallicity molecular gas in dwarf galaxies may help us to understand the physical conditions under which star formation took place in the main population of galaxies in the early Universe. This understanding is crucial in order to interpret observations of the ISM in galaxies at high redshift. In dwarf galaxies, stars form out of lowmetallicity, low dust-to-gas ratio dense molecular gas (Lisenfeld & Ferrara 1998) . Far-ultraviolet (FUV; 6 eV < hν < 13.6 eV) photons from newly formed massive stars illuminate the progenitor molecular clouds producing photon-dominated regions (PDRs; e.g. Hollenbach & Tielens 1999 , and references therein). As the FUV field is mainly attenuated by dust absorption, the penetration of FUV photons is larger in low-metallicity molecular gas than in its solar metallicity counterpart.
This produces an enhancement of the photodissociation rate of CO (increasing the relative abundance of C and C + ) while H 2 remains almost unaffected (e.g. van Dishoeck & Black 1988) . The relations between properties of the molecular gas (e.g. mass, CO luminosity, CO-to-H 2 conversion factor) with metallicity and the strength of the FUV radiation field have been investigated from both theoretical (e.g. Maloney & Black 1988; Elmegreen 1989; Sakamoto 1996) and empirical (e.g. Dettmar & Heithausen 1989; Rubio et al. 1991; Wilson 1995; Arimoto et al. 1996; Israel 1997 Israel , 2000 perspectives. The CO-to-H 2 conversion factor (X CO ≡ N (H 2 )/I CO ; an empirical factor that relates the intensity of CO [I CO ] to the column density of H 2 [N (H 2 )]) has been found to increase for clouds located in galaxies with low metallicities and strong FUV radiation fields (Israel 1997) . However, X CO has also been shown to decrease with the FUV field by Weiß et al. (2001) . This apparent contradiction arises because X CO depends on both the metallicity and the FUV radiation field, but mutual variation of these parameters in different interstellar environments makes it difficult to determine how they each influence the value of X CO 7 . Additional complications are introduced when low-metallicity molecular clouds are observed on different spatial scales: in particular, X CO has been found to vary with the resolution of the observations Verter & Hodge 1995) . At higher angular resolution, the measured properties of molecular clouds in low metallicity galaxies tend to approach those of Galactic clouds Bolatto et al. 2003 ; Leroy et al. 2006) . Ideally, we would like to conduct high resolution studies of molecular clouds in systems where one property of the interstellar environment varies while other environmental conditions remain constant.
The Large Magellanic Cloud (LMC) is an excellent extragalactic laboratory for such a study. Its proximity (∼50 kpc ; Feast 1999 , a value which we will use throughout the paper) and nearly face-on orientation (i = 35
• ; van der Marel & Cioni 2001) allows us to study individual clouds at high spatial resolution, while strong spatial variations in the LMC's far-ultraviolet (FUV) radiation 7 Note that X CO also depends on the gas density and kinetic temperature (Maloney & Black 1988) . However, the 12 CO J = 1 → 0 line is likely to be thermalized at the typical densities of molecular clouds and therefore its emission is not sensitive to the gas density. The kinetic temperature is related to the FUV field because the heating in the region where CO is emitted is dominated by photoelectric heating, which depends on the FUV field (e.g. Bakes & Tielens 1994 ).
field provide an opportunity to study the influence of the local FUV field strength on the properties of lowmetallicity molecular gas (30 − 50% solar ; Westerlund 1997) .
The most striking feature in the LMC is the 30 Doradus H ii complex (hereafter 30 Dor), which is the most massive star-forming region in the Local Group. Previous surveys of molecular gas in the LMC (e.g. Cohen et al. 1988; Fukui et al. 1999; Johansson et al. 1998; Kutner et al. 1997) have revealed a prominent complex of molecular clouds extending south from 30 Dor for nearly 2 kpc, which we refer to as "the 30 Dor molecular ridge". Studies of individual clouds in the 30 Dor molecular ridge have found gas densities between ∼10 4 − 10 5 cm −3 and kinetic temperatures between ∼10−80 K (e.g. Johansson et al. 1998; Minamidani et al. 2007; Pineda et al. 2008) .
The young stellar cluster R 136 located at the center of 30 Dor produces an extreme FUV radiation field. As seen in radio continuum (Dickel et al. 2005) , Hα (Gaustad et al. 2001), far-infrared (FIR; Schwering 1989 ) and ultra-violet (e.g. Smith et al. 1987 ) maps, the strength of the field decreases with increasing distance from R 136. The 30 Dor molecular ridge thus presents an ideal interstellar environment in which to investigate the properties of low-metallicity molecular gas as a continuous function of the ambient FUV radiation field.
Another aspect of interest is the global structure of the low-metallicity interstellar medium (ISM) of the LMC. Cloud structure is often characterized by the clump-mass spectrum, which describes how the total cloud mass is distributed among different-size structures. Fukui et al. (2001) presented a mass spectrum for GMCs in the LMC, based on NANTEN 12 CO data with spatial resolution of ∼40 pc. These authors derived a power-law index α = 1.9 for the LMC mass spectrum, which is similar to that found in the Galaxy (1.4 to 1.9; e.g. Elmegreen & Falgarone 1996; Heithausen et al. 1998; Kramer et al. 1998; Williams et al. 1994) . Whether this relation holds at even smaller scales, where clumps have low masses and are therefore more susceptible to the effect of enhanced CO photo-dissociation in low-metallicity environments, is still unclear. This is mainly due to the lack of wide-field, high resolution maps of 12 CO emission from molecular clouds in low metallicity environments.
In this paper, we present a complete, fully sampled, 12 CO J = 1 → 0 map of the 30 Dor molecular ridge in the LMC obtained with the ATNF Mopra 22-m Telescope. Parts of this region have been mapped with the SEST telescope at a similar angular resolution and in the same transition Kutner et al. 1997) . Cloud properties such as sizes, CO luminosities, X CO factor, etc. have been studied in the 30 Dor and N159/160 regions by Johansson et al. (1998) but not in the southern molecular clouds (Kutner et al. 1997) , although the gravitational stability of clumps in this region have been discussed by Indebetouw et al. (2008) . We combine our 12 CO data with a map of the strength of the FUV radiation field, derived from HIRES/IRAS 60 µm and 100 µm images, in order to study the dependence of the properties of low-metallicity molecular clouds on the radiation field. We also present a study of the clump-mass spectrum for the molecular clouds in the 30 Dor molecular ridge. This has not been attempted in the LMC at the resolution of our observations. The main difference between our work and that done with the SEST telescope is in the analysis of the data. Additionally, the wider coverage of our map allows us to identify clouds that have not previously been mapped at this resolution (see also Ott et al. 2008 ). The paper is organized as follows. The observations are summarized in Sect. 2. The analysis of the data is described in Sect. 3 and the results are discussed in Sect. 4. A summary is given in Sect. 5.
OBSERVATIONS
The 12 CO J = 1 → 0 (115 GHz) observations were made using the 22-m ATNF Mopra 8 telescope between June and September 2005. The 12 CO J = 1 → 0 integrated intensity map of the 30 Dor molecular ridge is shown in Fig. 1 . The observational results of this map are presented elsewhere (Ott et al. 2008) .
A total of 120 fields, 5 ′ ×5 ′ in size, were mapped using the on-the-fly mapping mode, encompassing the entire 30 Dor molecular ridge. Typical values of the single sideband (SSB) system temperature T * sys of about 600 K were obtained under clear atmospheric conditions. Prior to each map, the pointing accuracy was checked using the SiO maser R Dor, with corrections typically below 5
′′ . The digital autocorrelator was configured to output 1024 channels across a 64 MHz (163.8 km s −1 ) band in two polarizations, corresponding to a velocity resolution of 0.16 km s −1 . We used the AIPS++ task LiveData to calibrate the spectra and to remove a first-order fit, and another AIPS++ task Gridzilla to grid the data into spectral line cubes. LiveData is the processing software originally designed for data taken with the Parkes multibeam receiver and is used to apply system temperature calibration, bandpass calibration, heliocentric correction, spectral smoothing, and to write out the data in sdfits format. Gridzilla is a re-gridding software package that forms three dimensional (RA-Dec-velocity) data cubes from bandpass-calibrated sdfits files (usually produced by LiveData). During the gridding procedure, the data were convolved with a Gaussian smoothing kernel with a FWHM half of the beam-size (33 ′′ at 115 GHz), producing an effective resolution of 45 ′′ for the data cube. The spectra were smoothed to an angular resolution of 60 ′′ (corresponding to a linear scale of ∼15 pc) and to a velocity resolution of 0.96 km s −1 , in order to increase the signal-to-noise ratio. The Mopra telescope has an "inner" error beam in the range of 40 − 80 ′′ , which is similar to the size of emission. We therefore applied an extended beam efficiency of η mb = 0.55 (Ladd et al. 2005) to convert from T * A to extended beam brightness (T xb ). The typical r.m.s. noise of the channel maps is 0.16 K.
In order to compare the properties of the molecular clouds located in the 30 Dor molecular ridge with Galactic clouds of approximately solar metallicity, we utilize a map of the 2nd Quadrant observed with the CfA 1.2m telescope and presented by Dame et al. (2001) . The 2nd Quadrant map covers the Galactic plane from l = 100
• to 150
• and b = -2 • to 2 • , with a noise level of about 0.1 K, at a resolution of 450 ′′ . We use this dataset (kindly 8 The Mopra radio telescope is part of the Australia Telescope which is funded by the Commonwealth of Australia for operation as a National Facility managed by CSIRO. This contour map is overlaid onto an Spitzer 24 µm emission map (Meixner et al. 2006) . To improve the contrast, we divide the contour map into white and black regions. The contour levels correspond to the 5% to 85% of the peak intensity (53 K km s −1 ), in steps of 10%.
provided by Thomas Dame) because it samples Galactic clouds at physical scales that are similar to those of our 30 Dor molecular ridge map. A further advantage of this data is that blending of different clouds along each line of sight is negligible for outer Galaxy clouds. While the properties of molecular clouds in the outer Galaxy are known to be different to those in the inner Galaxy (e.g. May et al. 1997) , another reason to compare our molecular ridge data to the outer Galaxy cloud sample is that molecular clouds in the inner Milky Way are subject to conditions that characterize the central regions of spiral galaxies (e.g. shear forces, tidal forces, strong magnetic fields, cosmic rays), and which may not be common in the LMC.
ANALYSIS AND RESULTS

Clump Decomposition
In order to study the properties of the molecular gas in the 30 Dor molecular ridge and compare them to properties of clouds in the outer Galaxy, we identify individual clumps in the 30 Dor molecular ridge and 2nd Quadrant datasets using the software package GAUSSCLUMPS (Stutzki & Güsten 1990; Kramer et al. 1998) . By applying the same decomposition algorithm to both datasets, we ensure that differences between the properties of molecular clouds in the two samples are not due to the decomposition algorithm. GAUSSCLUMPS decomposes the observed three-dimensional (position and velocity) intensity distribution into emission from individual clumps by fitting Gaussians to individual peaks and subtracting them in an iterative process. The iterative decomposition process is terminated when the peak intensities of a new generation of clumps fall below 5 times the r.m.s. noise of the original datacube. The decomposition process reports clump parameters such as their position, Local Standard of Rest (LSR) as velocity, clump orientation, spatial FWHMs along the spatial axes (∆x, ∆y), brightness temperature (T mb ), and FWHM linewidths (∆v). Kramer et al. (1998) described in detail the stability of the results to variations of input parameters used in the decomposition of several molecular clouds. For the decomposition of our observations, we adopt the standard set of stiffness parameters used in their analysis.
As GAUSSCLUMPS approximates irregularly-shaped features by Gaussian clumps, the algorithm can report the identification of small, low-mass clumps that are the actually the residue of previously subtracted larger structures. To reduce the impact of this effect on our analysis, we only accept Gaussian clumps with fitted sizes that are larger than 110% of the spatial resolution (i.e. the deconvolved size of the clump is at least 40% of the instrumental resolution along both spatial dimensions). The FWHM linewidth of a clump is limited to be larger than 2.44 km s −1 and 1.63 km s −1 for the 30 Dor molecular ridge and 2nd Quadrant datasets respectively, i.e. we reject clumps that occupy a single pixel in velocity space. At the observed spatial scales, we do not expect that this criterion excludes a significant number of genuine clumps with small ∆v. The catalog presented by Johansson et al. (1998) are identified in the 2nd Quadrant (a similar number is seen in the catalog presented by May et al. 1997) .
In order to determine the kinematic distances to the identified clumps in the 2nd Quadrant dataset, we assume a flat Galactic rotation curve with rotation velocity Θ LSR = 220 km s −1 and radius R ⊙ = 8.5 kpc. We discarded all (194) clumps with kinematic distances lower than 2 kpc, as the estimation of kinematic distances is not accurate enough for such local emission.
We identify a total of 67 and 118 clumps in the 30 Dor molecular ridge and 2nd Quadrant datasets, respectively. The average (deconvolved) radius of the identified clumps in the 30 Dor molecular ridge and 2nd Quadrant is ∼10 pc, with a dispersion of ∼ 35%.
The derived properties of the identified clumps in the 30 Dor molecular ridge are listed in Table 1 . The CO luminosity of a clump is estimated using
We derive the virial mass, M vir , using
where R is the deconvolved clump radius and ∆v ′ is the deconvolved FWHM of the observed line profile. The factor k depends on the assumed density profile of a clump (MacLaren et al. 1988) . In the following, we adopt a value of k = 210, corresponding to a spherical cloud with uniform density. Different values of k (i.e. different density profiles) only change the scaling but not the slope of any relation involving M vir . The deconvolved clump radius is defined as
where ∆x ′ and ∆y ′ are the projected deconvolved FWHM angular sizes of the clump. We choose to use deconvolved values in the calculation of the virial mass because it is an intrinsic property of the cloud. Some published studies do not deconvolve the cloud parameters, and instead quote cloud property measurements that are convolved with the instrumental resolution. This leads to an overestimate of the virial mass, in particular if the cloud size and FWHM linewidth are of the same order as the instrumental resolution. For example, the values of X CO obtained in our survey (see Section 3.4) are ∼ 40% larger if we use undeconvolved values for the clump radius and FWHM linewidth; for the 2nd Quadrant data, using undeconvolved values increases the derived X CO values by ∼ 30%. The different methods used to calculate the virial mass and other cloud parameters complicates a quantitative comparison between our results and those of previous studies.
We estimate the value of X CO for clumps in the 30 Dor molecular ridge assuming that they are in virial equilibrium. In this case, X CO is calculated dividing the clump's virial mass -which we assume is an accurate measure of the total mass of H 2 present -by its CO luminosity. These quantities are the result of multiplying the peak H 2 column density and CO intensity (I CO ) of a (Gaussian) clump by its area. Therefore,
Note that L CO does not need to be calculated from deconvolved values of R and ∆v since L CO is independent of the resolution of the observations.
The effect of adopting different values of k in eq. (2) is to reduce X CO by 10% and 66%, for density profiles of the form n(r) ∝ r −1 and n(r) ∝ r −2 , respectively. However, the relative values of X CO in the 30 Dor ridge and the 2nd Quadrant do not depend on the adopted density profile, as their virial masses were calculated with the same formula.
The errors in the clump properties are estimated by considering the r.m.s. noise in the positions where clumps were identified and by assuming that the clump parameters obtained by GAUSSCLUMPS (∆x, ∆y, ∆v) have errors of 30%. We use error propagation to obtain uncertainties for X CO , M vir , and L CO . The virial masses and CO luminosities have typically errors of 50%, whereas the error of X CO is typically 70%.
We test our decomposition by comparing our measurements of the properties of clumps in the 30 Dor molecular ridge to those listed in Table 1 of Johansson et al. (1998) . Johansson et al. (1998) derive cloud parameters by fitting circular Gaussians to each intensity peak in their integrated intensity maps, so an exact correspondence between the results of the two studies is not to be expected. In Figure 2 , we show cumulative histograms of the FWHM linewidths 9 and the CO luminosities of clumps identified by us and by Johansson et al. (1998) . We exclude clumps in the 30 Dor molecular ridge dataset that are located outside the 30 Dor and N159/160 regions observed by Johansson et al. (1998) . Furthermore, we only consider clumps identified by Johansson et al. (1998) that have similar CO luminosities to the clumps in the 30 Dor molecular ridge, as their observations are more sensitive than ours. Note that we choose ∆v and L CO because they are independent of angular resolution which is different in the 30 Dor ridge and Johansson et al. (1998) datasets. For our decomposition, the mean (±standard deviation) L CO is (6.9±7.9)×10 3 K km s −1 pc 2 and ∆v is (4.9±2.1) km s −1 . In case of Johansson et al. (1998) , the mean (±standard deviation) L CO is (6.6±8.0)×10 3 K km s −1 pc 2 and ∆v is (5.3±1.9 km s −1 ). Kolmogorov-Smirnov (KS) tests between the distributions of ∆v and L CO for the two datasets indicate that the probabilities (P) that the cloud samples are drawn from the same parent distribution are 0.2, and 0.1, respectively (We consider P< 0.05 to be statistically significant and P< 0.1 to be marginally significant). The L CO and ∆v measurements for the Johansson et al. (1998) and 30 Dor ridge datasets cover a similar range of values, even though differences in decomposition methods used by Johansson et al. (1998) and us almost certainly affect the exact distribution of the clump properties.
In the following, we compare the results from our decomposition of the 30 Dor molecular ridge dataset with those of the decomposition of the 2nd Quadrant data. As noted above, this ensures that any difference (or similarity) between these two datasets is not an effect of the adopted decomposition method.
Estimation of the Far-ultraviolet Radiation Field
An important feature of the 30 Dor molecular ridge is that the low-metallicity molecular gas is exposed to very different strengths of the FUV radiation field. This can be seen in maps of different tracers of the FUV radiation field, e.g. at radio continuum (Dickel et al. 9 Note that we use undeconvolved values of the FWHM linewidth for this comparison, in order to be consistent with Johansson et al. (1998) . As explained in Section 3.4, we use deconvolved values of the clump parameters in our analysis. 2005), Hα (Gaustad et al. 2001) , far-infrared (Schwering 1989) , and ultra-violet (e.g. Smith et al. 1987) wavelengths. For all tracers, the intensity peaks in regions that are closely associated with star formation, and declines in locations that are more distant from regions of active star formation. Assuming that metallicity gradients are negligible in the 30 Dor molecular ridge (Dufour 1984) , we can therefore study clump properties as a function of the strength of the FUV radiation field. To derive a map of the strength of the FUV radiation field in the 30 Dor molecular ridge, we follow the method presented in Mookerjea et al. (2006) and Kramer et al. (2008) . A map of the FIR continuum intensity (I FIR ) is constructed using HIRES/IRAS 100 µm and 60 µm images obtained from the IPAC data center. The resolution of these images has been enhanced to about 110 ′′ and 72 ′′ , respectively using a maximum correlation method (Aumann et al. 1990 ). The 60 µm image is then convolved to 110 ′′ , in order to match the resolution of the 100 µm image. To estimate I FIR between 42.5 µm and 122.5 µm, we use the relationship (Helou et al. 1988 , see also Nakagawa et al. 1998 
The dust grains in molecular clouds absorb most of the incident FUV photons, which are later re-radiated in the FIR continuum. Assuming that the contribution from other heating mechanisms such as cosmic rays can be neglected, the strength of the FUV field can be derived from I FIR according to
Here, χ is expressed in units of the Draine (1978) field (χ 0 ), which is related to the Habing (1968) field (1.6×10 −3 erg s −1 cm −2 ) by a factor of 1.71 when averaged over the full FUV spectrum. It is likely that the contribution of FUV photons with hν < 6 eV increases the dust heating by a factor of ∼ 2 (Tielens & Hollenbach 1985) , and that the bolometric dust continuum intensity is a factor of ∼2 larger than I FIR (Dale et al. 2001 ): these two corrections approximately cancel out. Note that in the case where molecular clouds do not fill the beam, this method for estimating the strength of the FUV field provides only a lower limit.
Typical angular sizes of clumps are between ∼66 ′′ to 200 ′′ , and as the resolution of the χ map is about 110 ′′ , its value represents an average over an entire clump. The calibration of the χ map appears to be consistent with previous estimates of the FUV radiation field in the vicinity of the 30 Dor molecular ridge. Near the N159W cloud (Clump #22) for example, we obtain χ=173, which is in good agreement with an independent determination from UV, radio continuum, and IRAS 60 µm emission (χ = 120 − 350) made by Israel et al. (1996) . Our estimate for χ in N159W is also consistent with the results of PDR models for this molecular cloud (e.g. Pak et al. 1998; Pineda et al. 2008) . Although the χ=173 may be considered low for a massive star-forming region (in the Orion Bar, for example, Walmsley et al. 2000 and Young Owl et al. 2000 find χ ≃ 10000), Israel et al. (1996) argue that the low metallicity and low dust-togas ratio of this region increase the FUV photon free path lengths, resulting in a greater geometric dilution of the FUV radiation field. We stress, however, that for this analysis we are interested in the dependence of the CO clumps parameters on relative variations of the FUV radiation field.
In Fig. 3 , we show χ as a function of the distance to 30 Dor. Each point corresponds to the value of χ in the central position of each molecular clump identified in the 30 Dor molecular ridge. The value of χ for each clump is also listed in Table 1 . The strength of the FUV field peaks in clouds near the 30 Dor and N159 H ii regions, and then decreases for more distant positions. The thick line represents the expected distribution of χ if 30 Dor and N159 were the only sources of FUV radiation, where we have used the value of χ at the clump closest to the center of each H ii region to represent the radiation source, and considering only geometrical dilution of the FUV field. The individual contribution from each of these regions is shown by a dashed line. Fig. 3 shows that the radiation from 30 Dor and N159 is not sufficient to explain the observed distribution of χ, and that additional OB stars along the 30 Dor ridge must therefore contribute to the local FUV radiation field. Figure 4 shows L CO , M vir , and X CO plotted as a function of the FUV radiation field. The horizontal lines represent the mean values of the data given in Table 2 . -The CO-to-H 2 conversion factor (X CO ), the virial mass (M vir ), and the CO luminosity (L CO ) as functions of the strength of the FUV radiation field. The horizontal lines represent the mean values of the data (see Table 2 ).
Clump properties as a function of the FUV radiation field
As we can see, these quantities do not show any correlation over three orders of magnitude in χ. To interpret the plots of M vir and L CO with χ, we show the brightness temperature (T mb ), clump FWHM linewidth (∆v ′ ), and clump radius (R) as a function of χ in Figure 5 . Again, the horizontal lines represent the mean values of the data given in Table 2 . These basic clump parameters also appear to be independent of the strength of the FUV radiation field. In Section 4, we discuss possible reasons why the properties of the CO clumps in the Table 2) 30 Dor molecular ridge are insensitive to the strength of the FUV field.
Comparison with clouds in the outer Galaxy
We compare the properties of clumps in the 30 Dor Ridge with those of the 2nd Quadrant Galactic data. The mean values and standard deviation of these properties are listed in Table 2 and their cumulative histograms are shown in Figures 6 and 7 . Although measures of their dispersion and central tendency are com-parable, Kolmogorov-Smirnov (KS) tests between the distributions of ∆v ′ , R, and T mb for the two datasets indicate that the probabilities (P) that the cloud samples are drawn from the same parent distribution are 0, 0.07, and 0, respectively. These low probabilities suggest that there are differences between the distribution of CO clump properties in both regions. KS tests for the distributions of L CO , M vir , and X CO also result in low probabilities (P=0.3, 0, and 0), mainly due to the dissimilarity between the distribution of ∆v ′ , T mb , and R in the 30 Dor ridge and the 2nd Quadrant. In Figures 6 we can see that clumps in the 30 Dor Ridge have lower brightness temperatures compared with clumps in the 2nd Quadrant. This might be an indication that the CO beam filling factor is lower in the 30 Dor Ridge, which can be a result of its reduced metallicity. The 30 Dor Ridge clumps have larger FWHM linewidths: 50% of clouds in the 2nd Quadrant have FWHM linewidths less than 4 km s −1 compared to only 30% in the 30 Dor Ridge. This is in agreement with the predictions from the theory of McKee (1989) (see Section 3.4.1). Finally, the 30 Dor Ridge also shows a deficit of clumps with R < 8 pc compared to the 2nd Quadrant. This might be the effect of CO photodissociation that destroy or prevent the formation of small clumps. The differences in ∆v ′ , T mb , and R result in lower CO luminosities and larger virial masses in the 30 Dor Ridge. We caution that in case of ∆v ′ and R the observed variations are comparable to the errors in the determinations of these quantities.
The mean value of the X CO conversion factor in the 30 Dor molecular ridge is 3.9±2.5×10 20 cm −2 (K km s −1 ) −1 ). This is almost twice the average value for X CO in the 2nd Quadrant ([2.0±1.0]×10 20 (cm −2 K km s −1 ) −1 ), although we note that the dispersion of X CO values for the clumps in both datasets is quite large. Table 2 and Figure 7 show that the average virial mass of clumps in the molecular ridge is ∼ 45% larger than the average virial mass of the 2nd Quadrant clouds, but that the average CO luminosity is ∼ 45% lower for the molecular ridge clumps. This differences account for the factor of ∼2 larger value of X CO in the 30 Dor molecular ridge. The average value of X CO in the 30 Dor molecular ridge is consistent with the 4.3×10 20 cm −2 (K km s −1 ) −1 derived by Israel et al. (2003) using SEST observations of several molecular cloud associated with H ii regions in the LMC (not including clouds in the 30 Dor Ridge).
Empirical Relations
Several studies of molecular clouds in our Galaxy have shown that there are empirical scaling relations between the basic observable physical properties of molecular clouds (e.g. Larson 1981; Myers 1983; Dame et al. 1986; Solomon et al. 1987 ). These relations, often referred to as "Larson's Laws", link the FWHM linewidth and size of a cloud, its CO luminosity and FWHM linewidth, its virial mass and CO luminosity, and its CO luminosity and radius (note that only two of these relations are independent). Solomon et al. (1987) , for example, found that clouds in the inner Milky Way follow power-laws of the form ∆v
CO , and L CO ∝ R 2.5 . Power-laws with similar slopes have already been observed for LMC molecular clouds, with some evidence that clouds in the LMC have lower CO luminosities compared to Galactic clouds with a similar has been previously interpreted as evidence that CO is significantly photo-dissociated in the LMC. Figure 8 shows the observed relations between size, velocity dispersion, CO luminosity and virial mass for the clumps identified in the 30 Dor molecular ridge and in the 2nd Quadrant. The virial mass-CO luminosity relation is shown in Figure 8a . The orthogonal BES fit 10 results in
for the 30 Dor molecular ridge, and
for the 2nd Quadrant. The relation is slightly steeper for clumps in the 30 Dor molecular ridge compared to the molecular clouds in the 2nd Quadrant, such that the larger (M > 5 × 10 4 M ⊙ ) clumps in the 30 Dor molecular ridge appear to be underluminous by a factor of ∼2.4, relative to a 2nd Quadrant cloud with a similar virial mass. In Section 3.5 we will see that the number of massive clumps is larger in regions with stronger FUV radiation field (χ > 10) than in regions with weaker FUV radiation field (χ < 10). This suggests that effects of CO photodissociation (enhanced by the FUV radiation field) might be more significant in high-mass rather than in low-mass clumps. This might explain the apparent underluminosity of clumps with large virial masses in the 30 Dor Ridge. We note that the best-fitting virial mass-CO luminosity relation for clumps in the 30 Dor molecular ridge is linear, which implies that the value of X CO (∝ M vir /L CO ) is independent of the clump mass. In the 2nd Quadrant, by contrast, the value of X CO decreases with increasing mass. The variation in X CO is quite small, however, corresponding to a factor of 0.3 decrease in X CO over roughly two orders of magnitude in mass. Figure 8b shows the FWHM linewidth-CO luminosity relation. The fits are
for the 30 Dor ridge, and
for the 2nd Quadrant. The 30 Dor ridge shows a shallower slope compared with that for outer Galaxy clouds. 
for the 2nd Quadrant. Both 30 Dor Ridge and the 2nd Quadrant show a similar slope. This slope is close to L CO ∝ R 2.5 , which is expected for clouds in virial equilibrium that follow M vir ∝ L 0.8 CO and ∆v ′ ∝ R 0.5 . The bestfitting CO luminosity-size relations that we determine imply that the mass surface density of the clumps increases slowly with increasing clump mass, although the average mass surface density for the large clumps in both datasets is in good agreement with the canonical value for molecular clouds in the inner Milky Way (170 M ⊙ pc −2 , assuming the average X CO values that were estimated above Solomon et al. 1987 , but see Heyer et al. (2009) for evidence that this should be revised downwards to ∼ 100 M ⊙ pc −2 ). Unfortunately, we are not able to fit a power-law to the FWHM linewidth-size relation shown in Figure 8d , as the dynamic range in ∆v ′ and R is insufficient. Nevertheless, the close agreement between the mean X CO derived from our analysis of the CO emission and the value determined by Dobashi et al. (2008) from dust extinction measurements suggests that the clumps in the 30 Dor molecular ridge are indeed close to virial equilibrium. As the clump properties do not show any systematic variation along the ridge (Figure 4) , we conclude that the degree of virialization is uniform for all clumps (see also Indebetouw et al. 2008) . Although, we see in Figure 8d that the clumps in the 30 Dor ridge and the 2nd Quadrant occupy the same region in the parameter space, Table 2 and Figure 6 suggests that clumps in the 30 Dor Ridge have slightly larger ∆v ′ relative to the 2nd Quadrant. This is in apparent agreement with the theory of photoionization-regulated star formation proposed by McKee (1989) , which predicts that molecular clouds in low metallicity galaxies will have larger velocity dispersions than clouds of a similar size with solar metallicity. Nonetheless, we note that this prediction assumes that the filling fraction of the CO emission, the densities of the CO-emitting clumps and the clump-to-cloud extinction ratios are similar for molecular clouds in different galaxies, which may not be the case (e.g. Heyer et al. 2009 ).
In conclusion, we find small differences between the scaling relations exhibited by the clump properties in the outer Galaxy and in the 30 Dor molecular ridge. This suggests that the basic physical properties of the molecular clumps are not especially sensitive to variations in the metallicity of the interstellar gas, or that the difference in metallicity between the 30 Dor molecular ridge and clouds in the outer Galaxy is too small to produce significant disparities between the clump properties. A similar result has been obtained across a wider range of metallicities by Bolatto et al. (2008) (see also Leroy et al. 2006 and Sheth et al. 2008) .
3.5. Clump-Mass Spectrum A general property of molecular clouds is that they show self-similar structure over a wide range of scales. This hierarchical, clumpy structure may be quantified through the clump-mass spectrum of molecular clouds, which describes how the molecular gas is distributed across low-and high-mass substructures. Velocitychannel maps of molecular clouds in the Milky Way (e.g. Williams et al. 1994; Elmegreen & Falgarone 1996; Stutzki et al. 1988; Kramer et al. 1998; Heithausen et al. 1998; Heyer & Terebey 1998) and in external galaxies (Stanimirović et al. 2000; Stanimirović & Lazarian 2001; Fukui et al. 2001; Kim et al. 2007 ) can be decomposed into clumps that exhibit a power-law mass spectrum of the form dN/dM ∝ M α , where the exponent, α, is typically observed to lie between −1.4 to −1.9. This value of α, which indicates that the molecular gas is preferentially distributed within massive substructures, holds over several orders of magnitude of clump mass (e.g. Heithausen et al. 1998) , and is independent of the star- forming nature of the clouds (e.g. Williams et al. 1994) .
In this Section, we study whether the metallicity and FUV radiation field modify the distribution of clump masses in the ISM of the LMC. For this analysis, we calculate the clump-mass spectrum of the 30 Dor molecular ridge. We also calculate the mass spectrum of the clumps identified in the 2nd Quadrant, in order to compare the mass spectrum of clumps in low-metallicity and solarmetallicity gas, avoiding systematic effects produced by the selection of a particular decomposition method.
In the literature, the clump-mass spectrum based on 12 CO data is often calculated using clump masses derived from the clump luminosity by applying a uniform X CO conversion factor. Since the scatter in X CO is large (Section 3.4), in this study we prefer to use virial masses for the calculation of the mass spectrum. The total virial mass of the 30 Dor molecular ridge is about 3.5×10 6 M ⊙ . We express the clump-mass spectrum in its cumulative form rather than in its differential form. This is moti- 
30 Dor ridge -2.0 ± 0.4 5.9 ± 5.9 2.5 ± 0.9 2nd Quadrant -2.0 ± 0.3 5.8 ± 6.2 2.4 ± 1.1 30 Dor ridge (χ > 10) -1.8 ± 0.3 1.3 ± 2.7 5.5 ± 1.6 30 Dor ridge (χ < 10) -1.2 ± 0.3 97 ± 10 1.2 ± 0.3 vated by the relatively low number of identified clumps (N = 67) in the 30 Dor ridge. For such a low number of clumps, the slope of the differential clump-mass spectrum is sensitive to the binning process (which is not required by the cumulative mass spectrum). Following Rosolowsky (2005), we fit a truncated power law of the form
to our cumulative clump mass spectrum, where M 0 is the maximum mass of the distribution and N 0 is the number of clumps with masses larger than the mass where the distribution shows significant deviation from a power-law, given by 2 1/α+1 M 0 . A truncation at high masses in the cumulative mass spectrum can either be a real effect (i.e. due to a physical mechanism that regulates cloud growth) or the result of finite sampling (e.g.
McKee & Williams 1997).
We use the error-in-variables procedure described by Rosolowsky (2005) to fit a power-law to cumulative mass spectra. This approach has the advantage that it accounts for both the (∆N ) 1/2 statistical error in the distributions and the errors in the measurements of the clump masses.
The introduction of a cutoff criterion that rejects noise features and clouds with low CO emission in the decomposition implies that some low-mass clumps are missing from the clump-mass spectrum. This effect produces a turnover in the mass spectra at low masses. We assume that the incompleteness of our sample begins to be significant when the clump mass is lower than 5 times the minimum mass that can be selected in our sample based on the criteria described in Section 3.1 for the 30 Dor ridge (3.5 × 10 3 M ⊙ ). We therefore fit a truncated power law to the cumulative clump mass distribution using clumps with masses greater than our adopted completeness limit of M c vir ≃ 2 × 10 4 M ⊙ . For consistency, we use this completeness limit for both the 30 Dor molecular ridge and the 2nd Quadrant datasets. Fig. 9 shows the cumulative clump-mass spectra of the 30 Dor molecular ridge and the 2nd Quadrant. The results of the fits are given in Table 3 .
The exponents of the power-law fits to the clumpmass spectra of the 30 Dor ridge and in the 2nd Quadrant are similar within the errors. This suggests that the reduced metal abundance in the LMC does not significantly affect the clump-mass spectrum of molecular clouds across the observed range of clump masses. The fits are also consistent with the mass spectra that were derived by Rosolowsky (2005) for clouds in the outer Milky Way (α = −2.29±0.08, N 0 =4.5±3.5, and M 0 /10 5 M ⊙ =2.9±1.0; data from Brunt et al. 2003 ) and in the entire LMC (α = −1.71±0.19, N 0 =10±6.5, and M 0 /10 5 M ⊙ =23±4.6; data from Mizuno et al. 2001b ) using the same fitting procedure and virial estimates for the molecular cloud masses. Note that the truncated power-law fit by Rosolowsky (2005) to the Mizuno et al. (2001b) LMC cloud catalog was based in virial mass measurements that do not account for beam deconvolution. If we fit a truncated power law to our molecular ridge data using undeconvolved measurements for the clump properties, we obtain a slope for the mass spectrum of α = −2.2 ± 0.3, which is still close to their results. Some of the scatter in the derived slopes is probably due to the different decomposition algorithms used to identify cloud structures in the various studies, although we note that the cloud mass spectrum constructed from the LMC cloud catalogue includes clouds across the LMC, not just the molecular ridge region. It also extends to larger cloud masses and imposes a higher completeness limit than we have adopted for our analysis. Previous works that find flatter slopes for the clump mass spectrum in the outer Galaxy (e.g. α = −1. 45 May et al. 1997) are not directly comparable to our results, as the derived slope is strongly dependent on how the mass spectrum is constructed (Rosolowsky 2005) . For this reason, we prefer to compare our results with independent analyzes that have employed the same representation of the mass spectrum that we have used here.
We verified that the use of virial masses instead of masses derived from CO luminosities and a constant value for the X CO conversion factor does not have a significant impact on the clump mass spectra of the 30 Dor molecular ridge and 2nd Quadrant. For clumps in the molecular ridge, assuming X CO =3.9×10 20 cm −2 (K km s −1 ) −1 (see Section 3.4), the best-fitting truncated power law to the clump mass spectrum yields α = −2.2 ± 0.3, N 0 =1.5±2.8, and M 0 /10 5 =2.4±0.7. For the 2nd Quadrant, the best fit gives α = −1.9 ± 0.2, N 0 =5±8, and M 0 /10 5 =4.8±2.7, assuming X CO =2.0×10 20 cm −2 (K km s −1 ) −1 . For both datasets, the fits are consistent with those determined for the cumulative mass spectra constructed from virial estimates of the clump masses. Fukui et al. (2001) obtain a slope for the molecular cloud mass spectrum in the entire LMC of −1.9, covering a range of cloud masses from ∼ 8 × 10 4 to 3 × 10 6 M ⊙ . Our analysis shows that the power-law relation extends to even lower masses (∼ 2 × 10 4 M ⊙ ), suggesting that the ISM in the LMC might show the self-similarity over a wide range of scales, as observed for molecular clouds in the Milky Way (Heithausen et al. 1998) .
In order to study the influence of the strength of the FUV radiation field on the clump mass spectrum, we divide the clumps in the 30 Dor molecular ridge into low-FUV (χ < 10) and high-FUV (χ > 10) subsamples. The resulting clump-mass spectra are shown in Figure 10 and the results of the truncated power-law fits to the spectra are listed in Table 3 . The derived slope for the χ < 10 subsample (-1.2±0.3) is dominated by low mass clumps, and the mass spectrum steepens considerably for larger clump masses. If we fit the spectrum with a simple power-law (i.e. without truncation) of the form
where M 0 and α represent the same quantities used in Equation (12), we obtain a much steeper slope of α = −2.7 ± 0.2. Figure 10 shows that there is a deficit of high-mass clumps with χ < 10. This might be because massive stars form preferentially in massive rather than in low-mass clumps. Since the strength of the local FUV field depends on embedded massive stars, the average FUV field will be larger for massive clumps than for low-mass clumps, leading to the apparent deficit of large clumps with χ < 10.
DISCUSSION
As outlined in the previous sections, the properties of molecular clouds in the 30 Dor molecular ridge, as traced by their CO emission, are not significantly affected by the varying intensity of the FUV radiation field interacting with the reduced-metallicity gas of the LMC. The requisite physical conditions for CO emission may provide a possible explanation for this lack of dependence. As the photodissociation of CO is enhanced in low-metallicity systems, CO emission is only present in regions with large H 2 column densities. Thus, CO observations might only trace regions that are well-shielded from the FUV radiation, as suggested by e.g. Johansson et al. (1998) . In this case, the 30 Dor molecular ridge might contain a substantial fraction of H 2 coexisting with other carbon species such as C and C + , and this "CO-dark" fraction of the molecular gas may be larger than for clouds in the Milky Way (Grenier et al. 2005 , 10 to 50%). Indeed, Pineda et al. (2008) recently found that the column density of CO toward LMC N159W is very much reduced compared to the column densities of C and C+. This might be a reason why studies of molecular clouds in low-metallicity galaxies based on dust emission (which should trace the entire molecular content of clouds once the contribution from H i is subtracted) usually measure larger molecular masses than studies based on CO emission (e.g. Israel 1997; Rubio et al. 2004; Leroy et al. 2007; Bot et al. 2007 ). However, the measurement of molecular gas masses from dust emission usually assumes that the dust and gas are well mixed, and further relies on estimates of the dust-to-gas ratio, dust temperature, and optical properties of dust grains. Using near infrared extinction, a method that is independent of the cloud's dynamical state and of cloud decomposition method, Dobashi et al. (2008) obtained an average X CO conversion factor of 2.26×10 20 cm −2 (K km s −1 ) −1 in the entire LMC which is a factor of ∼1.7 lower than our mean value of the 30 Dor ridge 11 . Note that the Dobashi et al. (2008) value refers to an H 2 column density associated with CO-emitting gas. Elmegreen (1989) modelled the relation between X CO and the strength of the FUV field as X CO ∝ χ 3/8 /T , where T is the 12 CO J = 1 → 0 brightness temperature. We can test this prediction using our data (see Figure 11) . Note that the relation presented by Elmegreen (1989) also depends weakly on the clump mass and on the ambient pressure, although we ignore their contribution here. We corrected the observed 12 CO J = 1 → 0 peak brightness temperature assuming a beam filling factor of 1/6 . Figure 11 shows that our data is inconsistent (χ 2 ≃254) with the theoretical prediction by Elmegreen (1989) . Our result that X CO is not correlated with χ for the molecular clumps in our survey also appears to contradict the X CO ∝ χ relation obtained by Israel (1997) . However, the range of FUV radiation field estimates in that paper (which are derived from infrared observations and expressed in terms of the radiative energy per nucleon) is quite limited, whereas our estimate of χ extends over about three orders of magnitude. We also note that the cloud mass estimates from Israel (1997) are based on dust observations. If X CO is independent of χ for CO observations and X CO ∝ χ for dust observations, this would imply that the amount of "CO-dark" molecular gas increases with the strength of the FUV radiation field. However, this would seem to be in contradiction with the results of Dobashi et al. (2008) , who 11 The value of X CO derived from dust extinction depends on the adopted extinction to total column density ratio. When using the values adopted by Imara & Blitz (2007) , their X CO factor is 3.55×10 20 cm −2 (K km s −1 ) −1 , in closer agreement with our determination. found no systematic variation of the extinction-based X CO as a function of distance to 30 Doradus (i.e. from quiescent regions to regions exposed to strong FUV radiation fields).
The observed relation between X CO and χ can be reconciled with the theory of Elmegreen (1989) if the kinetic temperature scales with the FUV radiation field. Since the CO brightness temperature does not show significant variations with χ ( Figure 5 ), this would require that the beam filling decreases with χ throughout the 30 Dor Ridge. It is plausible that the kinetic is larger in regions with higher χ, since photoelectric heating is likely to be the dominant heating mechanism. For example, if clouds with χ = 1 have T kin = 10 K, kinetic temperatures of 32 K and 66 K are required for N159W (χ = 173) and 30 Dor-10 (χ = 407), respectively, to compensate any increase of X CO with χ. These kinetic temperatures are consistent with estimations in the literature (e.g. Johansson et al. 1998; Minamidani et al. 2007; Pineda et al. 2008) . A systematic decrease of the beam filling with χ might be the result of an enhanced rate of CO photodissociation which reduces the size of CO cores within the beam. However, other mechanism might also play a role e.g. cloud disruption by stellar winds from newly formed stars, etc.
The average X CO conversion factor found in our survey of the 30 Dor molecular ridge is a factor of ∼ 2 larger than that found in outer Galaxy clouds, a difference that is smaller compared with previous studies of clouds in the LMC at coarser angular resolutions. As we can see in Fig 1 , the molecular ridge is composed of a few cloud complexes with linear scales between 100 − 300 pc. These cloud complexes show substructure characterized by compact clumps connected by low-surface brightness gas on scales between 10 − 30 pc. Since GAUSSCLUMPS decomposes the CO emission and identifies clumps by fitting local CO intensity peaks, this substructure is the one characterized in the present paper. Therefore, the average X CO estimated in our survey refers to scales between 10 − 30 pc. The large cloud complexes do not necessarily have the same X CO as the individual clumps. Although increases in the clump size are tracked by increasing estimates for the virial mass, the CO luminosity will not show an equivalent increase if a significant quantity of low-surface brightness inter-clump gas is present. In this case, the appropriate X CO conversion factor will be higher for larger scale molecular gas structures, as shown by e.g. Bolatto et al. (2003) . Observations at coarser angular resolution trace these largescale complexes rather than small clumps, which helps to explain the larger values of X CO derived by previous surveys in the LMC. An example of how X CO increases with the resolution of the observations is shown in Figure 12 , where we plot the average X CO obtained when GAUSSCLUMPS is applied to versions of the 30 Dor molecular ridge datacube that have been smoothed to different angular resolutions. We include the average X CO for 2.6 ′ (40 pc) and 8.8 ′ (127 pc), corresponding to the resolution of the NANTEN and CfA 1.2m (Cohen et al. 1988) telescopes. At the resolution of the NANTEN survey, we obtain an average value of X CO ∼5.1×10 20 cm −2 (K km s −1 ) −1 , which is somewhat lower than the value obtained by Fukui et al. (2008) , X CO = 7 × 10 20 cm −2 (K km s −1 ) −1 . Our result is in better agreement with the determination by Blitz et al. (2007) Figure 12 suggests that scale of the observed structures must be considered when the total molecular mass of galaxies is calculated and that comparisons between extragalactic and Galactic molecular cloud populations should adopt the same decomposition and cloud identification methods.
SUMMARY AND CONCLUSIONS
We have presented a large-scale 12 CO J = 1 → 0 survey of the 30 Dor molecular ridge in the Large Magellanic Cloud observed with the Mopra telescope. From the analysis of these observations we conclude the following:
1. We estimate the strength of the far-ultraviolet radiation field for the entire 30 Dor molecular ridge, in order to study the dependence of CO cloud properties on this parameter. We find that CO clump properties are insensitive to changes in the strength of the FUV radiation field over almost 3 orders of magnitude in χ. The observed relation between CO-to-H 2 conversion factor and the strength of the FUV field can be reconciled with the expected increase predicted by theory if the kinetic temperature also increases in regions with strong FUV fields. Since the CO brightness temperatures do not show any significant variation along the 30 Dor molecular ridge, this would require that the angu- lar filling factor of the CO emission shows a corresponding decrease with χ.
2. Applying the same cloud decomposition method to clouds in the 30 Dor molecular ridge and in the outer Galaxy clouds in the 2nd Quadrant, the average CO-to-H 2 conversion factor obtained in our survey is X CO ≃ 2 X MW . This discrepancy is smaller than has been reported by previous studies of the CO emission in the LMC at lower angular resolution.
3. Studying the scaling relations between the physical properties of the observed clumps, we find that the molecular clouds in the 30 Dor ridge exhibit properties that are similar, but not identical, to those in the outer Galaxy. In particular, we find some evidence that clumps in the 30 Dor molecular ridge have larger velocity dispersions and lower brightness temperatures than their outer Galaxy counterparts. Additonally, we find a deficit of small clumps in the 30 Dor molecular ridge compared to the outer galaxy. Further studies of the emission from atomic hydrogen and other carbon species in the interclump gas within LMC molecular clouds would be useful for determining the physical origin of these slight variations. The degree of virialization of the clumps does not appear to show any significant variation along the molecular ridge.
4. An analysis of the clump mass spectra yields a power-law index of α = −2.0 ± 0.4 for the entire 30 Dor molecular ridge. The clump mass spectrum is similar to the mass spectra obtained for Galactic clouds and for the entire LMC cloud catalog.
Comparing different sub-regions with different average strengths of the FUV field, we find that the clump-mass spectrum is shallower in regions that are exposed to strong FUV fields. We propose that this is caused by the preferential formation of massive stars within large molecular clumps, rather than an effect of CO photo-dissociation in the lowmetallicity molecular gas.
